Puff pastry has delicate and flaky texture which comes from unique combination of fat and dough. These bakery products are made from many thin layers of dough which are separated by alternate fat layers because of which they are considered to be high fat food. Properties of puff pastry depend mostly on the quality of flour, which must be specifically tailored for this purpose. The most commonly used flour in the production of puff pastry is refined wheat flour. Lately, the requirements of consumers for healthy bakery products have a great response in the baking industry. On the market there are new products made with ingredients which have high nutritional value. This paper presents an optimization of the composition of puff pastry made of spelt flour by varying the amount of ingredients such as: margarine, ascorbic acid and enzyme transglutaminase. The optimal ratio of these ingredients has been based on the consideration of their major and interaction effects. During the optimization of spelt puff pastry quality, the following goals were set: maximum volume, minimum firmness and maximum overall acceptability. The optimal solutions were in the concentration range from 3.60 mg/kg to 10 mg/kg for ascorbic acid, from 0.03 mg/kg to 3 mg/kg for transglutaminase and from 29.84 to 30% for margarine on dough basis. It is recommended that the composition of spelt puff pastry involve: 10 mg/kg ascorbic acid, 0.03 mg/kg transglutaminase and 30 % margarine on dough basis to provide the desired product characteristics.
INTRODUCTION
Puff pastry is a non-yeasted, laminated bakery product made from many thin layers of dough which is separated by alternate fat layers. The unique combination of fat and dough of puff pastry gives them their light, delicate and flaky texture, which adds a characteristic and highly desirable sensory enhancement (Wickramarachchi et al., 2015) . Puff pastry making is a complicated process that involves widely varying production practices and the making of puff pastry still remains an art. The production process depends on the quantity of two main ingredients: flour and fat.
Flour and fat must be of a tailored quality with specific characteristics (Wickramarachchi et al., 2015). Two types of fat are used in puff pastry production: 'shortening' in relatively small quantities to improve the dough properties, and the puff pastry margarine (Bessler and Ortheoefer, 1983, Lefébure et al., 2013) . Margarine has essential functions in the puff pastry preparation, which is mainly to separate the dough layers and to trap the water that evaporates in the oven, which leads to an expanded final product. The bakers typically use a fat content varying from 50% to 100% on flour basis in the recipes of puff pastry and the finished product can contain 30% or more fat on a weight basis (Soronja Simovic et al., 2009), and hence, it is considered to be a high fat food (Bakal, 1991) . The high fat content in the puff pastry is necessary, because the role of the fat is to provide puffiness to the product. Another important raw material in the production of the puff pastry is flour. The bakers commonly use the flour protein content as the primary criterion for selecting the type of flour to be used for puff pastry (Hay, 1993) . Many researchers found that the rheological quality of the gluten protein is of greater importance than the protein content of the flour (Wickramarachchi, 2015) . It is generally accepted that strong flours give increased lift (Taylor, 1985) and weak flours have low lift which could be due to destruction of the layers early in lamination, resulting in poor gas retention and low pastry lift (Wickramarachchi, 2015) .
Increased consumer concern over the use of high fat amounts (Wassell and Young, 2007) and refined flour in the production of puff pastry has increased pressure on the bakery industry to produce low-fat products with flour of more nutritious value. Flour from spelt wheat is one of such ingredients.The nutritive value of spelt wheat is high and it contains all the basic components which are necessary for human beings (Bojnanská and Francáková, 2002) . It was also found that spelt wheat contains more protein than common wheat and that the amino acid composition of the proteins from spelt differs slightly from the modern wheat. Furthermore, the lysine is assimilated better from spelt than from the common wheat. Spelt wheat has been widely used in the production of various products such as: bread, composite breads, cookies, pasta, flakes, cracker etc. The idea of our research group was to apply the spelt flour in the production of puff pastry, at the same time taking into consideration that this cereal shows behavior different from convenient wheat in baking (Schober et al., 2002) . The dough made from spelt flour is characterized by lower stability, less elasticity, and higher extensibility than the one in the common wheat dough. The spelt dough is very soft and sticky after kneading. Technological treatment of flour from spelt wheat requires the addition of ascorbic acid in comparison with flours from the common wheat, because of the strength of the gluten structure and the reduction of dough extensibility (Bojnanská and Francáková, 2002) .
It is also known that the enzyme transglutaminase has the role of the dough strengthening improver. That is why this study included additives such as: ascorbic acid and enzyme transglutaminase. To our knowledge, there are several studies which show that the formulation is a key factor affecting the final product quality. Therefore, this research aimed to determine effects of ascorbic acid, transglutaminase and puff pastry margarine amount on the physical and textural quality of puff pastry made of spelt flour, and to optimize its formulation.
MATERIALS AND METHODS

Raw material
Refined spelt wheat flour was obtained from the Jevtić organic farm (Bačko Gradište, Serbia). The chemical characterristics of the flour were: the moisture content 13.34%, the ash content 1.20% on dry basis, protein content (N*5.7) 15.81% on dry basis, wet gluten 40.8% and 51.4% water absorption according to farinograph, was used for all formulations. Margarine Argentina Pastry HF (Puratos, Belgium) was used as dough fat. The Lascorbic acid was purchased from BASF, Germany. Transglutaminase (VERON ® TG 100 U/g) was obtained from AB Enzymes (ABF Ingredients, Darmstadt, Germany).
Physicochemical analysis of raw materials
Wheat flour was analysed for moisture, ash, protein, gluten and farinograph water absorption according to standard AACC procedures 44-19, 08-01, 46-12, 38-10 and 54-21 respectively (AACC, 1995). 
Pilot production of puff pastry
The dough was mixed in a laboratoryscale Diosna mixer (Dierks & Söhne GmbH, Osnabrück, Germany) at low speed (85 rev/min) for 1 min and at high speed (120 rev/min) for 4 min. The dough formulation of the spelt puff pastry is shown in Table 1 .
The final dough temperature was in the range of about 21±1 C. The dough was sheeted on a Pastry Sheeter Model MK 500-600 (Mac. Pan, Italy) to a thickness of about 10 mm.
The puff pastry margarine (amount according experimental design) is sheeted to the same thickness and placed into the dough sheet according to English method (Mc Gill, 1981).
The dough was laminated to a thickness of about 10 mm, folded by one three-fold (1x3) and re-rolled to 10 mm. The dough is then folded into fourths (1x4) and then was refrigerated at 5 C for 20 min. These steps are repeated twice to generate 144 theoretical fat layers.
The pastry sheet of final thickness 10 mm was cut into quadrate dimensions: 60 mm x 60 mm x 60 mm, weight 35 ± 1 g. The dough pieces were allowed to rest for 10 min at the room temperature, and then baked for 15 min at 220 C.
After cooling, the baked pastry pieces were evaluated for volume, texture and sensory properties. The volume of the loaves was assessed by means of laser measuring device Volscan profiler 600 (Stable Micro Systems, England).
Texture analyses of puff pastry
The texture analysis of puff pastry was carried out 2 h after baking by cutting with Extended Craft Knife A/ECB on a TA.XT2 Texture Analyzer (version TA.XTPlus, Stable Micro Systems Ltd., Surrey, UK).
The measured parameter was firmness, which was obtained from compression curve. 
Experimental design and statistical methods
Box and Behnken experimental design was used to highlight the main and interactive effects of ascorbic acid, transglutaminase and margarine on volume, firmness and overall acceptability of puff pastry, allowing a maximum of information out of a minimum number of experiments (Box and Behnken, 1960) . Three factors were considered, at 3 levels for each factor (-1 for the lowest value of the factors; 0 for medium value of the factors; and +1 for the highest value of the factors), as presented in Table 2 .
Statistical data analysis was performed by response-surface methodology using the Design-Expert 8.1 (Stat-Ease Corporation, Minneapolis, MN, USA).
For responses (volume-V, firmness-F and overall acceptability-OA), a quadratic model was applied (eqn. 
The models were tested for adequacy using the ANOVA through the coefficient of determination (R 2 ) and F-values. The significance of regression coefficients was assessed by p-values at the three significance levels (p≤ 0.01; p≤ 0.05; p≤ 0.1). In order to achieve the visual effects of the independent variables on the rheological parameters of the dough, the perturbation graphs are shown for each parameter. Numerical optimization was based on the desirability function (Derringer and Suich, 1980) . The desirability function approach was used to assess the amount of ascorbic acid, transglutaminase and margarine needed to achieve maximum volume, minimum firmness and the best overall acceptability of the puff pastry made from spelt flour.
RESULTS AND DISCUSSION
Results of the experimental design referring to volume (V), firmness (F) and overall acceptability (OA) of the puff pastry made from spelt flour with different concentration of ascorbic acid (AA), transglutaminase (TG) and margarine (M) are shown in Table 3 . The results of the experimental design (Table 3) showed that the greatest volume (ml) and the overall acceptability of the puff pastry were achieved in the experiment 13 due to synergistic effects of ascorbic acid and transglutaminase with addition of margarine in maximum amount. It is expected that the final product with the highest volume, which is, actually, the biggest puffiness, has the greatest acceptability by sensory assessors. The value of firmness decreased with the increase of the amount of the ascorbic acid and with the decrease of the amount of transglutaminase, while the amount of margarine remained on the same maximum level of 30% on dough basis. The greatest score for the overall acceptability was obtained for formulation 13, which included ascorbic acid and transglutaminase with the maximal amount of margarine. The lowest score was registered in formulation 14, which excluded the tested improvers. The results showed that in the formulation for the puff pastry made from spelt, it is necessary to include ingredients with oxidation effect.
The main and the interaction effects of ascorbic acid, transglutaminase and margarine on the selected properties of puff pastry made from spelt flour are presented via regression coefficient values which are given in Table 4 .
Based on the results shown in Table 4 , it can be stated that all ingredients had an important influence on the volume of the spelt puff pastry. Margarine exerted the largest and the most important effect on the increase in volume of the product. The combination of ascorbic acid and margarine had also positive effect on the volume of product, but in a lesser amount, thus it is less important. The ascorbic acid and transglutaminase individually did not have an important influence on the volume, but in combination, they considerably contributed (p≤0.01) to a decrease in the volume, which was expected, considering the oxidation effect of both additives.
When they were combined, their oxidation effect significantly influenced an increase (p≤0.05) in the firmness of product, which is reflected in the decrease of the overall acceptability of product. Margarine is an ingredient whose important role in the production of puff pastry made from spelt flour was confirmed in this experiment. As it was mentioned above, margarine increased the volume considerably (p≤0.01), but it also considerably decreased the firmness (p≤0.05). According to that, margarine exerted an important positive influence on the overall acceptability of product. The product was considerably acceptable (p≤0.01) when it had the combination of the ingredients such as margarine and the enzyme transglutaminase, but it was even more acceptable when ascorbic acid was present in the formulation. However, the square increase in the amount of margarine can result in agglutination of layers of spelt dough, which caused great (p≤0.01) decrease in volume.
Regarding different main and interaction effects of the applied ingredients, it is necessary to carry out their optimization by applying the appropriate statistical technique, and to give the suggestion for the optimal recipe for the puff pastry made from spelt flour. The proposition of the criteria necessary for the determination of optimal amounts of ascorbic acid, transglutaminase and margarine in the production of spelt puff pastry was based upon preliminary experiments and the literature data These criteria are shown in Table 5 .
When the criteria for quality is being set, as it was shown in the Table 5 solutions are got by applying the statistical software and the function of desirability (Table 6 ).
All 24 solutions had high desirability values from 0.714 to 0.852. Taking into consideration all optimization solutions for desirability values above 0.80, the range of concentrations for ascorbic acid, transglutaminase and margarine suitable for spelt puff pastry was defined. Ascorbic acid varied in the concentration range from 3.60 mg/kg to 10 mg/kg, and transglutaminase from 0.03 mg/kg to 3 mg/kg. The higher the concentration of the ascorbic acid is, the lower the concentration of transglutaminase is, and vice versa.
The range of the amount of margarine was very narrow, and it varied from 29.84 to 30% on dough basis. The baker can choose among the shown optimization solutions and will get a desired product with 80% probability. New experimental baking was done in order to verify the predicted solution under number 22, and the predicted results were compared with the actual results of baking trial (Table 7) . The predictive solution 22 (10 mg/kg AA, 0.03 mg/kg TG and 30% margarine on dough basis) was chosen because it gave the greatest value to volume (81.69 ml), the lowest value to firmness (9255 g * s) and high value to the overall acceptability (16.66). Apart from that, this formulation is more payable economically because the price of the ascorbic acid is lower than the price of transglutaminase, and the present concentration of the ascorbic acid is higher than the one of the already mentioned enzyme.
Predicted values were close to the experimental results indicating that the models were adequate to predict these parametars.
CONCLUSION
The obtained results justified the enforcement of spelt flour in the production of non-yeasted puff pastry. To produce puff pastry from 100% spelt flour, the addition of ingredients with oxidation reaction such as ascorbic acid and transglutaminase is necessary. Their amounts varied from 3.60 mg/kg to 10 mg/kg and from 0.03 mg/kg to 3 mg/kg, respectively. The interaction effect of the ascorbic acid and transglutaminase is important for the characteristics of spelt puff pastry. It seems that the amounts of these two ingredients are inversely proportional which means that with the addition of the greater amount of ascorbic acid, the amount of transglutaminase should be decreased, and vice versa. The amount of margarine used for the spelt puff pastry should be at the level of 30% on dough basis. The amount of margarine has an important influence on the increase of the volume and overall acceptability, as well as on the decrease of firmness of puff pastry. By verification of one optimal predictive formulation which consisted of 10 mg/kg of ascorbic acid, 0.03 mg/kg transglutaminase and 30% of margarine on dough basis, the product with maximal volume and minimal firmness was obtained.
